The current issue of Annals of Surgical Oncology includes a study by Yan and colleagues titled ''Integrated nomograms for the preoperative prediction of microvascular invasion and lymph node metastasis risk in hepatocellular carcinoma patients.'' 1 This study describes a nomogram, constructed from various preoperative variables, that predicts tumor microvascular invasion (MVI) with a sensitivity of 81.5% and specificity of 75.3% in training and validation patient cohorts (C-score of 0.828 and 0.804 respectively). Although this is not the first or largest nomogram-based study developed to predict MVI from preoperative factors, it has a comparatively high sensitivity and specificity and is part of a larger conversation regarding appropriate patient selection for liver resection and transplant in patients with hepatocellular carcinoma (HCC). 1, 2 The nomogram also includes a predictive nomogram for lymph node positivity, which has clinical value in risk-stratifying patients before major surgical intervention. However, the sensitivity and specificity of the nomogram for node positivity preclude it from being used as an active clinical tool and thus discussion of the clinical implications of their MVI prediction nomogram will be more instructive.
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In surgical candidates, curative intent liver resection and liver transplant are the most effective HCC treatments. 3 Unfortunately, recurrence after transplant is 30% at 12 months and 50-75% at 5 years, whereas recurrence after liver resection is 50% at 2 years and 75% at 5 years. [3] [4] [5] [6] [7] While there are many risk factors for recurrence, MVI is the risk factor with the strongest association with early and late recurrence. [5] [6] [7] [8] 12, 13 MVI also is associated with decreased disease-free and overall survival. 8, 9 Although MVI is associated with increasing tumor size, it exists in small tumors and is absent in some larger tumors; in retrospective studies, MVI was present in 20% of tumors\ 2 cm, 30-60% of tumors between 2-5 cm, and 60-90% of tumors [ 5 cm. 6, 10 Because MVI is strongly associated with recurrence and an independent marker of aggressive tumor biology, some have advocated that liver transplant selection criteria rely on tumor biology-related factors rather than tumor number and size-based criteria. 7, 10, 11 The use of MVI as a surgical decision making tool, however, is dependent on the ability to confidently and consistently identify MVI preoperatively. Although considerable effort has been devoted to developing MVI prediction scores, the data are varied and no definitive prospective study has validated a clinically useful predictive score. Lei et al. developed a nomogram to predict MVI based on preoperative patient and tumor factors with a training group of 707 patients and a validation group of 297 patients (C-score 0.81 and 0.80 respectively). Their MVI prediction nomogram includes increasing tumor diameter (\ 1 to [ 5 cm), increasing serum AFP (\ 20, 20-400, [ 400), HBV DNA [ 10 4 , platelets \ 100, typical dynamic on contrast-enhanced MRI (i.e., arterial phase hyper-attenuation and portal venous and delayed phase hypo-attenuation), multiple tumors, and incomplete encapsulation. 1 Their nomogram achieved a sensitivity of 73.5% and a specificity of 77%.
Other groups have published MVI prediction nomograms based on inflammatory biomarkers with the hypothesis that inflammatory processes are associated with more aggressive tumor biology. With 627 patients, a nomogram using neutrophil-to-lymphocyte ratio, direct neutrophil to lymphocyte ratio, and tumor volume nomogram achieved a sensitivity of 51% and a specificity of 81% (C-score 0.727 training and 0.839 validation). 2 Additionally, imaging-defined risk factors for recurrence and MVI have been investigated. Although CT and MRI are both used to diagnose HCC, hepatocyte specific contrast (gadoxetic acid) has greatly improved the sensitivity and specificity of MRI over that of CT and can demonstrate microvascular anatomy, including invasion. [12] [13] [14] That said, even with these advances, MVI remains difficult to reliably predict. 12 Several aspects of the current study by Yan and colleagues distinguish it from existing studies. One explicit goal was to create a nomogram that relied on easily attainable and inexpensive diagnostics. This priority is reflected in the components of the blood index: AFP, CA-125, CA 19-9, gamma-glutamyl transferase (GGT), aspartate aminotransferase (AST), albumin, white blood cells, platelets, alkaline phosphatase (ALP). While employing daily labs in a clinical score increases the ease of using this tool, it also prompts discussion of the clinical reasoning and methodology of selection criteria. For instance, thrombocytopenia has been included in other predictive scores as a measure of MVI related to splenic platelet sequestration secondary to sinusoidal congestion that defines MVI and is a sequelae of cirrhosis. 1, 15 However, the present study suggests platelets [ 150 are associated with an increased risk of MVI as denoted by its positively weighted blood index coefficient. Additionally, CA-125 and CA 19-9 are included in the blood index. While CA-125 and CA 19-9 have been examined as adjuncts to AFP in the diagnosis of HCC, they have variable sensitivity and specificity for detection of HCC, with unclear clinical implication, because they also are elevated in cholestasis and therefore are not routinely used in most U.S. cancer centers. [16] [17] [18] The author's methodology for identifying the components of their blood index relies on algorithmic processing to select optimal combinations of variables. While this process identifies the most predictive combination of variables from a larger group within this patient cohort, the small study size as well as the unclear clinical reasoning for some variable inclusions make it difficult to interpret. Although likely more expensive and resource dependent, algorithmic identification of the optimal combination of HCC tumor markers, such as Dex-ycarboxyprothrombin (DCP), vascular endothelial growth factor (VEGF), GGT, and Glypican-3 (GPC3) may be an interesting strategy to quantify aggressive tumor biology. 19 The authors' analysis of the tumor number on MVI risk needs clinical justification. They compute a greater risk of MVI for 2 nodules [odds ratio (OR) 2.6] than for multiple nodules (OR 1.2) or a solitary nodule (OR 1), but their nomogram score weights a solitary nodule (score of 13) with a higher risk for MVI than 2 nodules (score of 7) or multiple nodules (score of 0). This contradiction is confusing, and is in contrast to other reports that indicate increasing tumor number as a risk factor for MVI. 1 Additionally, this information contradicts their nomogram scoring of BCLC stage where increasing BCLC stage has a higher risk of MVI; this is especially evident for BCLC Stage 0-B where tumor number plays a distinguishing role compared with other BCLC stage components (performance status and degree of cirrhosis). 20 The authors also relied on CT as their diagnostic and staging imaging modality. Although this may reflect regional standard of care, MR is superior to CT in the detection and characterization of HCC (tumor size, number, and encapsulation), especially in a background of cirrhosis and for tumors \ 2 cm. 13, 14, 21 Because the goal is to develop the most accurate nomogram possible, and one that is generalizable to centers that routinely use MRI, one would ideally utilize MRI (rather than CT) to stage HCC, because it has the highest potential for accuracy. This is especially important when considering small tumors and multiple tumors in predictive scores, as the sensitivity of contrast enhanced MRI to diagnose HCC \ 2 cm is 90-95%, whereas that of CT diminishes to \ 60%. 14, 21 Disease prevalence also impacts the positive predictive value of nomograms: a predictive score with a given sensitivity will have a better positive predictive value in a population with high disease prevalence than in a population with low disease prevalence. 22 Given the high HCC prevalence in Asia and Africa compared with Europe and North America, this becomes very relevant for the wider applicability of predictive scores. Additionally, region specific differences in HCC etiology will potentially impact the variables included in predictive scores of disease and disease features. 23 The current study by Yan and colleagues is an important contribution to a larger conversation regarding how tumor specific factors may influence surgical candidacy in HCC. As our understanding of markers of tumor biology and predictors of aggressive disease increases, quantification of tumor biology may replace size-based criteria for resection and transplant candidates. However, until there are predictive scores created from clinically rational methodologies that consistently achieve high predictive accuracy, it is difficult to study the impacts of altering patient selection criteria for resection or transplant. oncology research with an emphasis on understanding the complexities of translating science into clinical practice.
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